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This thesis contributes to the field of dark energy and observational cos-
mology. We have investigated possible direction dependent systematic signal
and non-Gaussian features in the supernovae (SNe) Type Ia data. To detect
these effects we propose a new method of analysis. Although We have used
this technique on SNe Ia data, it is quite general and can be applied to other
data sets as well.
SNe Ia are the most precise known distance indicators at the cosmologi-
cal distances. Their constant peak luminosity (after correction) makes them
standard candles and hence one can measure the distances in the universe
using SNe Ia. This distance measurement can determine various cosmolog-
ical parameters such as the Hubble constant, various components of matter
density and dark energy from, the SNe Ia observations. Recent SNe Ia ob-
servations have shown that the expansion of the universe is currently accel-
xi
erating. This recent acceleration is explained by invoking a component in
the universe having negative pressure and is termed as dark energy. It can
be described by a homogeneous and isotropic fluid with the equation of state
P = wρ, where w is allowed to be negative. A constant (Λ) in the Einstein
equation (known as cosmological constant) can explain the acceleration, in
the fluid model it can be modeled with w = −1. Other models of dark energy
with w 6= −1 can also explain the acceleration, however the precise nature of
this mysterious component remains unknown. Although there exist a wide
range of dark energy models, cosmological constant provides the simplest ex-
planation to the acceleration of the expansion of the Universe. The equation
of state parameter w has been investigated by recent surveys but the results
are still consistent with a wide range of dark energy models. In order to dis-
criminate among various cosmological models we need an even more precise
measurement of distance and error bars in the SNe Ia data.
From the central limit theorem we expect Gaussian errors in any exper-
iment that is free from systematic noise. However in astronomy we do not
have a control over the observed phenomena and thus can not control the
systematic errors (due to some physical processes in the Universe) in the
observed data. The only possible way to deal with such data is by using
appropriate statistical techniques. Among these systematic features the di-
rection dependent features are more dangerous ones since they may indicate
a preferred direction in the Universe.
To address the issue of direction dependent features we have developed a
new technique (∆ statistic henceforth) which is based on the extreme value
theory. We have applied this technique to the available high-z SNe Ia data
from Riess et al.(2004) and Riess et al.(2007). In addition we have applied
it to the HST data from HST key project for H0 measurement. Below we
summarize the material presented in the thesis.
Chapter wise summary of the thesis
In the first chapter we present an introductory discussion of the various
basic cosmological notions eg. Cosmological Principle (CP), observational
evidence in support of CP and departures from it, distance measures and
large scale structure. The observed departures from the CP could be present
due to the systematic errors and/or non-Gaussian error bars in the data. We
discuss the errors involved in the measurement process
Basics of statistical techniques : In the next two chapters we discuss
basics of the statistical techniques used in this thesis and extreme value
theory. Extreme value theory describes how to calculate the distribution of
extreme events. The simplest of the distributions of the extremes is known
as the Gumbel distribution. We discuss features of the Gumbel distribution
since it is used extensively in our analysis.
∆ statistic and features in the SNe data : In the fourth chapter
we derive ∆ statistic and apply it to the SNe Ia data sets. An outline
of the ∆ statistic is as follows : a) We define a plane which cuts the sky
into hemispheres. This plane will divide the data into two subsets, one in
each hemisphere. b) Now we calculate the χ2 in each hemisphere for an
FRW universe assuming a flat geometry. c) The difference of χ2 in the
two hemisphere is calculated and maximized by rotating the plane. This
maximum should follow the Gumbel distribution. Since it is difficult to
calculate the analytic form of Gumbel distribution we calculate it numerically
assuming Gaussian error bars. This gives the theoretical distribution for the
above calculated maximum of difference of χ2. The results indicate that
GD04 shows systematic effects as well non-Gaussian features while the set
GD07 is better in terms of systematic effects and non-Gaussian features.
Non-Gaussian features in the H0 data : HST key project measures
the value of Hubble constant at the level of 10% accuracy, which requires
precise measurement of the distances. It uses various methods to measure
distance for instance SNe Ia, Tully-Fisher relation, surface-brightness fluctu-
ations etc. In the fifth chapter we apply ∆ statistic to the HST Key Project
data in order to check the presence of non-Gaussian and direction dependent
features. Our results show that although this data set seems to be free of
direction dependent features, it is inconsistent with the Gaussian errors.
Analytic Marginalization : The quantities of real interest in cosmol-
ogy are ΩM and ΩΛ, Hubble constant could in principle be treated as a
nuisance parameter. It would be useful to marginalize over the nuisance
parameter. Although it can be done numerically using Bayesian method, ∆
statistic does not allow it. In chapter six we propose a method to marginalize
over H0 analytically. The χ
2 in this case is a complicated function of errors
in the data. We compare this analytic method with the Bayesian marginal-
ization method and results show that the two methods are quite consistent.
We apply the ∆ statistic to the SNe data after the analytic marginalization.
Results do not change much indicating the insensitivity of the direction de-
pendent features to the Hubble constant.
A variation to the ∆ statistic : As has been discussed earlier that, it
is difficult to calculate the theoretical distribution of ∆ in general. However
if the parent distribution follows certain conditions it is possible to derive
the analytic form for the Gumbel distribution for ∆. In the seventh chapter
we derive a variation to the ∆ statistic in a way that allows us to calculate
the analytic distribution. The results in this case are different from those
presented earlier, but they confirm the same direction dependence and non-
Gaussian features in the data.
